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Batch experiments were conducted to determine the effects of Fenton’s reagent
(H202/Fe24) on the production of assimilable organic carbon (AOC) in water. The objectives
were to study the effects of pH, H202 and Fe2+ doses, and reaction time (Kinetic) on AOC
increase and to identify optimal conditions for the highest AOC production. Surface water
and 2,4 dichlorophenol (2,4-DCP) solution were the two types of water samples examined.
Three different doses of H202 (H202:D0C of 0.5:1, 2:1, and 10:1) and Fe+ (Fe2+H202 of
0.05:1, 0.1:1, and 0.5:1) and three pH (2, 3, 4) were used.

The results showed that the effects of Ha02 and Fe+ doses, pH, and reaction time
(kinetic) were similar in both types of water samples. AOC production increased with the
increase of H202 concentration. Among the three pHs, pH 3 provided the highest increase
whereas pH 2 offered the least. Higher Fe2+ concentration resulted in a faster rate of AOC
production but did not contribute to the increase. The AOC production instantaneously took
place in the first few minutes and was almost complete within 10-minute reaction time. The
first order model was better than the second order model in describing the kinetics of AOC
production. The optimal H202:D0C, Fe2+H202, and pH for surface water samples were 10:1,
0.05:1, and pH 3. For synthetic water samples, the best condition was observed at 10:1, 0.5:1,
and pH 3,

Inter-Department: Environmental Management Student’s Signature

Field of Study: Environmental Management Advisor's Signature .=

W IO
Academic Year 2002 Co-Advisor's Signature 1. IV yjor<7* /




ACKNOWLEDGMENTS

This work was initiated and accomplished with valuable advices from Asst,
Prof. Dr. Eakalak Khan (Assistant Professor from Department of Civil Engineering
and Construction, North Dakota State University, U.S.A.), Assoc. Prof. Dr. Wanpen
Wirojanakud (Associate Professor from Department of Environmental Engineering,
Khon Kaen University, Thailand), and Asst. Prof. Dr. Pinthita Moongkarndee
(Assistant Professor from Department of Environmental Engineering, Khon Kaen
University, Thailand).

Finally, 1 would like to extend my appreciation to my lab helpers: Nid, Eddy,
and Tong.



TTTTTTTTTTTTTTT

ABSTRACT (INTHAD oo W

ABSTRACT (IN ENGLISH).....cvcessrsmsrssesssesmesesrsess y
ACKNOWLEDGMENTS....cooosesssssssssisisimmmmssssssssssssssssssssssssssssssssssssssssss Vi
TABLE OF CONTENTS.........ccoooiimmmmmmmmmsmsssssssssssssssssssssssssssssssssssssssssnsenss vii
LISTOF TABLES..........ccoooooiimmmmmmmmmmmsmsssssnssssssssssssssssssssssssssssssssnsssssssssess X
LIST OF FIGURES......ooooeeeessssssssssssssssissinmnsssssssssssssssssssssssssssssssssssssnss X
ACRONYMS.....oooooiiivvressssiisssessssnssssssssimssssssssssmssssssssssssssssssssssssssssssees Xiv
CHAPTER 1INTRODUCTION

L1 BACKGIOUNG..cevvvvvvvssrvvvnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 1
1.2 PrODIEM SEAEEMENL....ccccvvssvvvsssrvvsssivsmssssssssssisssssssssssssssssmsssssssssssssssssssssssssssssens 3
1.3 O JBCHIVES cosvvvvssrvvsssssssssssssssssssesisssssssssssissssssssssssssssssssssssssssssssssssssssssssssssssssnes 3

CHAPTER 2 LITERATURE REVIEW

2.1 Assimilable Organic Carbon (AOC). ... 4
2.1.1 AQC MEHNOUS....vvvvvvvvcsssssssssssssssssssssssssssssssssssssssmmsssssssssssssssssssssssssssssssssnes 4
2.1.2 AOC ADDICALIONS....vvvviieirvvsvssssssssssssssssssssssssss ssssesssssssssssssssssssssssssssssssssssssssees 1

2.2 Advance Oxidation Processes (AQPs) that Have Been Reported to Affect AOC 9
2.2.1 OZONBLION...vvvvcsvvvvrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 9
2.2.2 OtEI ADPS....ovvocvvvvsssnssssssmsssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 1

2.3 FENION'S REAGENL..ovoevvvvvvsvrivnsssmvsssssssmessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 1
2.3.L PIINCIDIR. oovvvevvrsssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 1
2.3.2 APPHCALIONS...ovvsvvvvvsrvvrsssrssssssssssssssssssssssssssssssssmsssssssssssssssssssssssssssssssssssssnsns 13
2.3.3 Light-Enhanced FENton’s REAGENE........ccccvvmmvmmsmmsmmsmmssmssmsssssmmsssssssssssrssssssnens 15

CHAPTER 3 MATERIAL AND METHODS

3.1 Sample SOUrces and PYEPAIATION......vvvesrvvmsrrvssssrssssssmssmssmssssssmsssssssssssssssssssssssssnsns 17
3.2 Experimental Set-Up and PrOCRAUIE.......ccovvsrvvvsssmsssssrssssssnsssssmssssssmsssssmssssssssssssnsns 17
3.3 EXPEIIMENTAl DESIGN..ovvccvvvrvssvsresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 18



VoI

T A B LE OF CONTENTS (CONT.)

34 ANAIVEICAI MEINOUS. ...cccvvvsevvvsssssrssssssssssmssssssmssssssssssssssssssssssssmsssssssssssssssssen 18
CHAPTER 4 RESULTS AND DISCUSSION
4.1 SUrface Water SAMPIES......ocrvvvvsrvvmsrmsmsssmsssssmmsssssmssssssssssssssssssssssssssssssssssssrssssens 20
4.1.1 Characteristics of Surface Water SAMPIES......c.ccvvervvvmmvrmsrivmssmmssssmmsssssssssssen 20
4.1.2 DOC Changes during FENtON” REACHION..... cuvvvrvvvssrvvnssmmsssssmssssssmsssssnsssssnns 2
4.1.3 Effects of H202 Dose on AOC Production in Surface Water Samples............... 22
4.1.4 Effects of Fe2+ Dose on AOC Production in Surface Water Samples 23
415 Effects of pH on AOC Production in Surface Water Samples........vvervvmssnens 23
4.1.6 Effects of Reaction Time and Kinetics of AOC Production in Surface Water
110NNt 7/ 45 W OO 30
4.2 SYnthetic Water SAMPIES ..o..vvvvccvcvnminsmirissssssmssssssssssssssssssssssssssssssssssssssssss 39
4.2.1 Initial Characteristics of Synthetic Water SAMPIES.........cuvvvvmrmvvmssrmvrsssresssnne 39
4.2.2 DOC Changes during FENton’s REACION........vvvussrvvmssrvsmmsssssmsssmsssssssssssssssssens 40
4.2.3 Effects of H202 Dose on AOC Production in Synthetic Water Samples............. 40
4.2.4 Effects of Fe2+ Dose on AOC Production in Synthetic Water Samples............. 41
4.2.5 Effects of pH on AOC Production in Synthetic Water SampleS.......cc.ervvreen 41
4.2.6 Effects of Reaction Time and Kinetics of AOC Production in Synthetic
WALET SAMPIES....vvvsvvvvsssvsesssssssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 47
4.3 Comparison between Fenton’s Effects on AOC in Surface and Synthetic Water
1 RS 55
4.3.1 DOC CRANGES...cccvvvsrvvrssrvsmssmssssssmsssssmsssssmssssssssssssmsssssssssssssssssssssssssssssssrons 55
4.3.2 Effects 0f H202 Dose 0n AOC PrOQUCHION......c.vvvvvvvrsnernsnvvnssensssensssnessssessne 56
4.3.3 Effects of 182 D0se 0N AOC ProdUCTION......couvevvvvvrsvrssnenssmensssesssssessnees 57
4.3.4 Effects of pH 0n AOC ProdUCION.......oorvvvmssmvmsssmmsmsssmssssssssssssssssssssssssssssssnnes 58
4.3.5 KInetics 0f AOC PrOAUCHION...cocvvvvsvvvrsverssersssenssesssssssssessssessssssssssessssesess 58

4.3.6 OPtIMAl CONAIIONS....vvvccvvvvvsssrvrvsssssssmsssssssssssimsssssssnsssssssssssssssssssssssssssssssssses 61



PAGE
CHAPTER 5 CONCLUSIONS.....ooooccevvvrssiiernnssssnsessssssssssssssssssssseeess 62
CHAPTER 6 RECOMMENDATIONS FOR FUTURE STUDIES 64
REFERENCES.......oooooorvriirvcesssievessssssssssssssssssssssssssssssssssssssess 65

BIOGRAPHY. ...cccocccvrrrsmivvnnsssissnsssssssssssssssssssssssssssssssssssssssssssssseees n



LIS T OF TAUBTLES

Table 3.1 Experimental Design for Surface and Synthetic Water Samples...........c.cu... 19

Table 4.1 Initial pH (pHQ, DOC (DOCo), AOC (AQCo), and AOCHDOCO of surface
LT S 20

Table 4.2 Ratios of AOC production of surface water samples at the 10-minute and
40-minute reaction time for different H202 and Fe2t doses, and pH................ 30

Table 4.3 Initial pH (pHo), DOC (DOCo), and AOC (AQCo) of synthetic water
SAMPIES...ovvvssesrerssessessesss s o T e s esssssessassssssssnessesnsssessness 39

Table 4.4 Ratios of AOC production of synthetic water samples at the 10-minute and
40-minute reaction time for different H202 and Fe2+ doses, and pH ............... 47

Table 45 Comparison between average DOC changes in surface and synthetic
SAMPIES.ceveerersessersessensessess TR Mg r0ses e sessessssssessasnsssasnsessaan 55

Table 4.6 Average (AOC]o-AOCo)/DOCo of surface and synthetic water samples at
AIfFErent CONAIIONS..ocvivrvsesivnsssmsmsssissssmmsssisssssmssssmssssrmsssssrsssssmsssssrssssens b7

Table 4.7 First order kinetic constants of the aoctotai production and coefficients of
correlation of the fitting for surface and synthetic water samples................... 58

Table 4.8 First order kinetic constants of the AOCpiz production and coefficients of
correlation of the fitting for surface and synthetic water samples.................... 59

Table 4.9 First order kinetic constants of the AOCnox production and coefficients of
correlation of the fitting for surface and synthetic water Samples..........c.cvren 60

Table 4.10 Optimal conditions for AOC produCtion.........eeessrvrmsmrvssssrssmssmssssssrsssssssens 61



LIS T OF FIG URE S

P AGE

Figure 41 Average normalized DOC in surface water samples versus reaction time
for different H202:D0C ratios and pH at a) Fe2+H202 of 0.05:1, h)
Fe2 :1 15201 0.1:1, and ¢) Fe2HHA 20 0.5: L. ovvvccvvveccsvressssvssssssssssinnns 25

Figure 4.2 Average AOCtotai increases in surface water samples versus reaction time
for different H202:D0C ratios and pH at a) Fe2£H22 of 0.05:1, b)
Fe: 12020 0.1:1, and ¢) Fe2tH20 20f 0.5:1covvvcovvscvssrssssssssssssssssssinn 26

Figure 4.3 Average AOCpiz increases in surface water samples versus reaction time
for different HoU2:DOC ratios and pH at a) Fe2#H202 of 0.05:1, h)
Fe2+:H20 20 0.1:1, and ¢) Fe2H20 20F 0.5:1..vvccccvvvvccsvrssssissnsssssssssssrisnns 21

Figure 4.4 Average AOCnox increases in surface water samples versus reaction time
for different HN2DOC ratios and pH at a) Fe2£H2)2 of 0.05:1, )
Fe2+H2) 207 0.1:1, and ¢) Fe2EH2) 201 0.5:L....ccccvvcvvvcsirmsssssssssssesssssnnns 28

Figure 4.5 Average pH increases in surface water samples versus reaction time at
different H2 22D0C and Fe2+H2) 2ratios: a) initial pH 2, b) initial pH 3,
AN C) INIAL PH 4o 29

Figure 4.6 Fitting of AOCtotai production in surface water samples with the first order
kinetics at different 1120 2DOC and le' :1FO;! ratios, and pH.......cccovvevven 33

Figure 4.7 Fitting of AOCpi7 production in surface water samples with the first orcer
kinetics at different HO 2.D0C and Fe2+H2) 2ratios, and pH.....occvvervvnes 34

Figure 4.8 Fitting of AOCnox production in surface water samples with the first order
kinetics at different 12>02:1)0C and Fe2+H2) 2ratios, and pH......ccevvvvvsrenn 3



LIST OF FIGURES (CONT.)

P AGE

Figure 4.9 Fitting of AOCtotai production in surface water samples with the second
order kinetics at different FFCkrDOC and Fe2+FF02 ratios, and pH.............. 36

Figure 4.10 Fitting of AOCpn production in surface water samples with the second
order kinetics at different H2C2:DOC and Fe2+H2Ca ratios, and pH............ 37

Figure 4.11 Fitting of AOCnox production in surface water samples with the second
order kinetics at different H02:DO0C and Fe2+H2Ca ratios, and pH............. 3B

Figure 4.12 Average normalized DOC in synthetic water samples versus reaction time
for different H202:D0C ratios and pH at a) Fe2+:H202 of 0.05:1, h)
Fe2+H20 201 0.1:1, and ¢) Fe2#H2 20f 0.5:L....ovvcccivvvcssvrensssssssssnsssnssnnn 42

Figure 4.13 Average AOCtotai increases in synthetic water samples versus reaction
time for different H202:D0C ratios and pH at a) Fe2+H202 of 0.05:1, )
Fe2tH2020f0.1:F and c) 1 :1FO- 0F 0.5:1..ovvccvvvcccsirrssssissnsssnssssssinsnns 43

Figure 4.14 Average AOCpi7 Increases in synthetic water samples versus reaction
time for different H202:D0C ratios and pH at a) Fe2+H202 of 0.05:1, )
Fe2:H20 207 0.1:1, and ¢) 162 :11,0: 0F 0.5 Luvvvcovvccmssvmsvnssssssssssssssssnnnn 44

Figure 4.15 Average AOCnox increases in synthetic water samples versus reaction
time for different H2U2:DOC ratios and pH at a) Fe2~H202 of 0.05:1, h)
Fe2tH2 20 0.1:1, and ¢) Fe2£H20 20F 0.5:L....ovvvccvvvvcssvvrsssssssssssnssssssnnns 45

Figure 4.16 Average pH increases in synthetic water samples versus reaction time at
different H202:D0C and Fe2+FI202 ratios: ) initial pH 2, b) initial pH 3,
AN C) INIAL PH 4o 46



LIST OF FIGURES (CONT.)

P AGE

Figure 4.17 Fitting of AOCtotai production in synthetic water samples with the first
order kinetics at different FECFIDOC and Fe2+FI202 ratios, and pH.............. 49

Figure 4.18 Fitting of AOCpir production in synthetic water samples with the first
order Kinetics at different HaU2:DOC and Fe2+:H202 ratios, and pH............. 50

Figure 4.19 Fitting of AOCnox production in synthetic water samples with the first
order kinetics at different FFCHDOC and Fe2+HaU2 ratios, and pH. ol

Figure 4.20 Fitting of AOCtotai production in synthetic water samples with the second
order kinetics at different HaU2:DOC and Fe2+H202 ratios, and pH 52

Figure 4.21 Fitting of AOCpiz production in synthetic water samples with the second
order kinetics at different HaU2:DOC and Fe2+H202 ratios, and pH 53

Figure 4.22 Fitting of AOCnox production in synthetic water samples with the second
order kinetics at different 200iDOC and Fe2+:H202 ratios, and pH 54



24-DCP
24,6-TCP
4-CP
AOC
AOCnox

AOCpi7

AQOPs
AOX
APHA
ATP
BDOC
BOD
bodb

BOM
CFU
coD
DBPs
DCA
DOC
Fe
Fe3t

Fe(C20 493

GAC
HAAS
h2?2
ho -
HTP
NBOM

A CRONYMS

2,4-dichlorophenol
2,4,6-trichlorophenol

4-chlorophenol

Assimilable organic carbon

Assimilable organic carbon determined using
Spirillum siraim NOX

Assimilable organic carbon determined using
Pseudomonas fluorescence Strain P17
Advance oxidation processes
Adsorbable organic halide

American Public Health Association
Adenosine triphosphate

Biodegradable dissolved organic carbon
Biochemical oxygen demand
Biochemical oxygen demand at 5-day incubation
time

Biodegradahle organic matter

Colony forming unit

Chemical oxygen demand

Disinfection by-products

Dichloroacetic acid

Dissolved organic carbon

Ferrous ion

Ferric ion

ferrioxalate ion

Granular activated carbon

5 Haloacetic acids

Hydrogen peroxide

Peroxyl radical

Heterotrophic plate count
Non-biodegradable organic matter



XV

ACRONYMS (CONT)

NF Nanofiltration

NTEX Maximum density

NOM Natural organic matter

NOX Spirillum Strain NOX

03 0zone

OH- Hydroxyl radical

P17 Pseudomonas fluorescence Strain P17
PCBs Polychlorinated biphenyls

PVC Polyvinyl chloride

5 Coefficient of determination

TCE Trichloroethene

THMs Trihalomethanes

TOC Total organic carbon

USEPA United State Environmental Protection Agency

uv Ultraviolet light



	Cover (Thai)


	Cover (English)


	Accepted 

	Abstract (Thai)


	Abstract (English) 

	Acknowledgements


	Contents



